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Abstract: Students’ approaches to learning can vary between students of different ages, genders,
years, degrees, or cultural contexts. The aim of this study was to assess the approaches to learning
of different students of life science degrees. The Revised Two-Factor Study Process Questionnaire
(R-SPQ-2F) has been used to assess the approaches to learning of 505 students of thirteen different
subjects of four different degrees at Universitat Politècnica de València in order to study the factors
that influence their approaches. Results show a higher deep approach of the students. Differences
were observed between subjects and gender, not related to level (bachelor or master) or year. The item
reliability analysis showed a high consistency for the main scales, but not for the secondary scales of
the R-SPQ-2F questionnaire. High correlation between the deep and surface scales were observed.
These data can provide more information to the teachers, which may help them to develop strategies
focused on promoting a deeper approach to learning for the students, more adapted to their subject,
level, and year.
Keywords: deep learning; biotechnology; student learning approach
1. Introduction
Engagement of students has been linked to positive learning outcomes [1,2]. Several factors
influence students’ engagement, such as emotional engagement, behavior, cognitive, or agentic
elements [2–5]. One of the elements that can influence students’ engagement is the level of studies
and voluntarism. As opposed to early education stages, including primary and secondary education,
higher university education is not compulsory in most countries. Students voluntarily chose to
go to university, while they have other options such as the job market, professional training,
or specialized studies. In this sense, while there may be personal, family, or social influences to
start university studies, the main motivation is often intrinsic. A recent survey of more than 60,000
European students showed that only less than 25% of students chose to pursue higher education
for other reasons than their own motivations [6]. Besides, the choice of a specific university degree
has external limitations, such as the minimum admission mark, location, or economic restrictions,
e.g., the cost of tuition at private universities or the lack of public aids. Within a particular degree,
the type of subject also conditions motivation. Some of them are mandatory, but in higher courses
elective subjects are usually found. Therefore, the motivation and involvement in each subject may
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vary depending on intrinsic and extrinsic factors of the student. Both global and specific motivation
effects can affect student learning [7,8].
The factors that affect the type of student learning in each subject are multiple; some of them
depend on the teacher and how he/she approaches the subject teaching [7]. Therefore, it is key to
maximize students’ learning to locate those modifiable factors upon which we can act.
The student approaches to learning theory was initially developed by Marton and Säljö [8,9] and
led to the development of the theory of constructivism. This theory assumes that knowledge must
be built within the personal cognitive structure of each individual. This is fundamentally personal,
but depends on the experiences of the learning environment and social interactions [10]. The most
successful students are those who participate metacognitively, with motivation and active behavior in
their learning process [11]. Although the process by which students approach learning is complex,
it depends on contextual and personal factors [7,12,13]. In fact, it can change across disciplines [14,15]
and cultural backgrounds [16–18]. In addition, teaching context can influence the learning approach of
the students [19,20] and even determine their learning performance [20–23].
The approach to student learning can be classified in several ways, but a classification commonly
used distinguishes surface learning and deep learning [9,24]. Surface learning is characterized by a
lack of personal connection, the use of memory, and lack of reflection, and the student attempts to
satisfy the subjects’ necessities with a minimum effort and an extrinsic responsibility [25–27]. On the
other side, deep learning involves personal connections, reflection on meaning and comprehension,
the student assumes his/her learning, it has an intrinsic responsibility [25–28], and it may entail a
greater satisfaction [29,30]. Students who take a superficial approach in a subject tend to be more
concerned about grading and use memorization, while those who use a deep approach pursue learning
and understanding [28,31,32]. A deep approach has also been positively correlated with assessment
results [23,33,34], while surface approach has been negatively correlated [23].
The present study aimed to assess the student approach to learning of life science students in
several degrees and subjects of different years. The different factors that can influence the student
approach to learning were analyzed and their influence assessed. The results can be used to enhance a
reflective approach to learning and to align the teaching methodology with the learning approach of the
students in order to encourage them to follow a deeper and more reflective approach to their studies.
2. Literature Review
Qualitative [35] or quantitative [28,36] approximations to measure the approach to learning have
been developed. They all maintain the superficial–deep dichotomy [31,37], although other strategic or
motivational approaches have been identified [7,31,38]. Some of the factors that have been analyzed as
related to the approach used by the student for learning are gender differences [39], effectiveness of
interventions [40], relationship to learning objectives [41], and learning over time [42]. For example,
a deep approach is often associated with better learning quality [2,23,43,44]. A relationship between
the taxonomy structure of the observed learning outcome (SOLO) and deep learning [45–47] has
also been studied. This relationship can be used to improve learning and achievement of academic
objectives by modifying, for example, the workload or evaluation procedures [43].
There are many tools available to assess students’ approach to learning, such as Study Attitudes
and Methods Revised Short Form (SAMS Short Form) [48], Revised Approaches to Studying Inventory
(RASI) [49] modified in Approaches and Study Skills Inventory for Students (ASSIST) [50,51], Inventory
of Learning Process–Revised (ILP-R) [13], Approaches to Learning and Studying Inventory (ALSI) [52],
Learning and Study Inventory Strategies (LASSI) [53], or Inventory of Learning Styles (ILS) [54].
However, one of the most widely used is the Study Process Questionnaire (SPQ) [28], which was
subsequently revised to create the Revised Two-Factor Study Process Questionnaire (R-SPQ-2F) [7].
The validity of this tool has been proven by different studies [26,55,56].
The SPQ questionnaire proposed by Biggs [7] has been used to establish the relationship between
approach to learning and personality, knowledge acquisition, academic performance, learning style
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preference, self-efficiency, goal orientation, or self-regulation strategies [57–60]. The original SPQ
questionnaire had 42 questions and three approaches to learning: surface, deep, and achieving
learning [28]. The revised R-SPQ-2F version reduced the number of approaches to two, as achieving
learning overlapped with the other two. The number of items was also reduced, making it easier to
use [7]. The questionnaire consists of 20 questions, with a 5-point Likert scale. Students’ responses
take into account the approach to learning and individual characteristics of the student [56].
This questionnaire is not intended to classify students as surface or deep learners, but seeks to
estimate the behavior of the student in the specific learning context where the questionnaire is taken [7],
in which the student opts for an approach to learning based on intrinsic and extrinsic factors [7].
These factors interact with each other and adapt to each learning context. Deep and superficial
approaches can be subdivided in two subscales: strategy and motive. Strategies involve the activities,
methods, or processes that the students use during their learning, while the motivations involve the
reasons and the goals that lead to embrace a proposed strategy [26,61]. However, these associations
are not seen in other studies [26,55,56].
Several factors influence student approach to learning and they can be classified as contextual,
perceived, or student factors [28,62]. Personality is obviously one of the factors that influences the
learning approach of the students [63]. Other student factors include sociodemographic characteristics
and academic abilities. These would be the case of gender, age, and cultural differences [23,31].
In general, there are no differences between genders [34,43] or the results have been inconsistent or
influenced by cultural factors [64,65]. Older students usually have a higher trend toward a deep
approach to learning [31,66–68] possibly because they have more intrinsic motivation [69], which may
explain also their greater success [43]. Differences in student approaches to learning have also been
found between countries or cultural contexts [7,23,26,55,61,70].
Still, the same students may change their learning approaches depending on the specific learning
situation and the goals they may face [65,71]. Thus, contextual factors also affect the approach
to learning. This would be the case of the type of studies, the subject matter, the classroom activities,
the assessment system, the institutional setting, or the course in which the subject is framed [15,43].
For example, deep learning can be lower in higher courses than in initial courses [28,43]. This may
indicate that the teaching–learning environment does not require deep learning or that the student
does not perceive it that way [43], so that a surface approach may be sufficient to achieve the course’s
objectives. Again, these relationships can vary depending on the context, as the opposite has also
been detected [63]. Also, teaching techniques can influence student approach to learning, which can
vary from the beginning to the end of classes, for example using a flipped classroom methodology [2].
Indeed, some of these factors within the teacher’s domain of control can be used to influence student
approach to learning [15]. Workload can also condition the approach, and in higher levels is normally
associated with a surface approach [66,72,73].
The teacher has to provide the appropriate learning activities for the student to achieve the
objectives set, emphasizing what the student does [74]. Students who usually opt for surface learning
are still eligible for deep learning if the context encourages this approach and vice versa [7]. In fact,
students can create their learning environments in order to optimize their performance, but they often
need help in choosing the strategies to use. Without guidance and instruction, their learning will be far
from optimal [56]. Accordingly, the primary purpose of a good teacher would be to encourage students
to adopt deep learning and discourage surface learning [75]. In this sense, measuring the student’s
approach to learning would indirectly provide an index of the quality of teaching [7]. For example,
the usefulness of a learning outcome can foster deep learning, while workload can encourage surface
learning [76]. In this context, the R-SPQ-2F questionnaire can be a useful tool to analyze the effectiveness
of teaching methodologies to promote deep learning [7].
There are different studies where the Biggs questionnaire has been used to evaluate students’
approaches to learning and its effectiveness has been evaluated in different sociocultural contexts.
In fact, the R-SPQ-2F questionnaire has been adapted to several languages [27,32,61,77–81] and it has
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been tested in a varied range of contexts. For example, in medical studies, students showed mostly
an approach to deep learning in Ghana [32] or Saudi Arabia [82] and similar results were obtained
in Malaysia in business, computer, and engineering programs [83]. In Saudi Arabia, deep learning
was linked to a higher number of hours of study and better grades. On the other hand, law students
in the Netherlands [31] showed a higher score in the deep approach than the superficial approach,
although many scored low on both approaches to learning. In the same study, no correlations
were obtained between assessment and problem solving, but they were found between the age and
gender of the students [31]. Another study conducted in Australia with chemistry students using
the original Biggs’ questionnaire found that deep learning was related to the assessment of learning
objectives and that age has the biggest influence on the approach to learning and performance, with
better results for older students [43]. On the other hand, studies conducted in Hong Kong with
Biggs’ unrevised questionnaire and interviews showed that deep learning was positively linked to
age and negatively to the academic year [66]. Studies in Japan [27] validated Biggs’ questionnaire
in relation to deep and superficial approaches, but not with the subscales of the questionnaire,
and showed different relationships that did not appear in other studies and could be due to cultural
reasons. Studies carried out in China [70] showed that students used more intermediate approaches to
learning with memorization as a tool to achieve comprehension. This questionnaire has even been
used to assess the evolution of the students in a subject and the influence of the flipped classroom
approach [2]. Positive correlations have been found between deep approach and students’ learning
achievements [2,43,84–86].
Other studies have also been conducted comparing different models of choice of questions that
determine deep or surface learning from the Biggs questionnaire [56]. These studies compared the
results of Biggs’s work [7] in Hong Kong with studies evaluating the questionnaire in different contexts
(Spain [26], Japan [27], United States [55,56] the Netherlands [61], or Norway [78]). These studies also
indicated that there may be cultural differences that explain different results and showed controversy
regarding the grouping of test questions [26,55,56,78]. Moreover, a study comparing the results of
students in Hong Kong and Sydney showed differences that could be attributed to cultural causes [70].
These studies have analyzed the approach to learning in many contexts, however there is no
detailed study that includes the sociocultural conditions of Spain in a life science learning environment.
In the present study the student approach to learning in life science degrees was analyzed in several
subjects of different degrees and levels, and the factors that influence their response was assessed.
These results obtained would allow the organization of teaching methodologies and promote the
development of the general and specific competences of each degree and reinforce a deeper approach
by the students. Although the number of subjects is limited, the results can be representative of the
students of these degrees and can be used with a higher sample in other subjects, degrees of this
context, or other similar contexts.
3. Materials and Methods
3.1. Research Design and Materials
A Spanish translation of the R-SPQ-2F questionnaire [79] was used for the students in classes with
Spanish as a medium of instruction, while the original questionnaire developed by Biggs et al. [7] was
used for students with English as medium of instruction. The questionnaire was given to the students
at the beginning of each of the subjects.
The questionnaire includes 20 items (Table 1) that are divided into two scales. The deep approach
(DA) scale includes deep motive (DM) and deep surface (DS) subscales; the surface approach (SA)
scale includes surface motive (SM) and surface strategy (SS) subscales. Each subscale consists of five
items with a 5-point Likert-type scale ranging from 1 (‘rarely true of me’) to 5 (‘always true of me’).
To obtain main scales scores for DA, the results of questions 1, 2, 5, 6, 9, 10, 13, 14, 17, and 18 were
added, for SA questions 3, 4, 7, 8, 11, 12, 15, 16, 19, and 20 were used. For the subscales, the following
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questions were used: 1, 5, 9, 13, and 17 for DM; 2, 6, 10, 14, and 18 for DS; 3, 7, 11, 15, and 19 for SM;
and 4, 8, 12, 16, and 20 for SS.
Table 1. Questions of the Biggs revised two factor study process questionnaire [7].
No. Formulation
1 I find that at times studying gives me a feeling of deep personal satisfaction.
2 I find that I have to do enough work on a topic so that I can form my own conclusionsbefore I am satisfied.
3 My aim is to pass the course while doing as little work as possible.
4 I only study seriously what’s given out in class or in the course outlines.
5 I feel that virtually any topic can be highly interesting once I get into it.
6 I find most new topics interesting and often spend extra time trying to obtain moreinformation about them.
7 I do not find my course very interesting so I keep my work to the minimum.
8 I learn some things by rote, going over and over them until I know them by heart even if Ido not understand them.
9 I find that studying academic topics can at times be as exciting as a good novel or movie.
10 I test myself on important topics until I understand them completely.
11 I find I can get by in most assessments by memorizing key sections rather than trying tounderstand them.
12 I generally restrict my study to what is specifically set as I think it is unnecessary to doanything extra.
13 I work hard at my studies because I find the material interesting.
14 I spend a lot of my free time finding out more about interesting topics which have beendiscussed in different classes.
15 I find it is not helpful to study topics in depth. It confuses and wastes time, when all youneed is a passing acquaintance with topics.
16 I believe that lecturers shouldn’t expect students to spend significant amounts of timestudying material everyone knows won’t be examined.
17 I come to most classes with questions in mind that I want answering.
18 I make a point of looking at most of the suggested readings that go with the lectures.
19 I see no point in learning material which is not likely to be in the examination.
20 I find the best way to pass examinations is to try to remember answers to likely questions.
3.2. Sample and Data Collection Procedure
The sample comprised 505 students (182 males and 323 females) out of 900 possible respondents
on life sciences degrees belonging to thirteen different subjects and four different degrees (Table 2) of
Universitat Politècnica de València (Valencia, Spain). The participation of the students was voluntary
and not related to the qualifications of the subject. The number of participants was considered as
sample size for calculations. This distribution was related with the unequal ratio of enrolment in the
degrees surveyed. The data were collected using an online questionnaire through an online learning
platform (PoliformaT) based on Sakai system. To check if the size of the sample (n) was representative
the following formula was used:
n = N × X/(X + N − 1)
where,
X = Zα/22 × p × (1 − p)/MOE2
and Zα/2 is the critical value of the normal distribution at α/2 (e.g., for a confidence level of 99%, α is
0.05 and the critical value is 2.58), MOE is the margin of error, p is the sample proportion, and N is the
population size [87].
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Table 2. Samples included in the research.







GG Bachelor B 1 C Spanish/English 6.0 84 & 102 127 & 115 4
MM Bachelor B 2 C Spanish/English 6.0 65 115 6
FFBZ Bachelor FEE 2 C Spanish 4.5 21 27 6
LSAB Bachelor B 4 C Spanish 6.0 24 & 17 99 & 80 4
EB Bachelor B 4 E Spanish 4.5 39 & 17 53 & 51 4
MESB Bachelor B 4 E Spanish 4.5 15 & 27 32 & 30 4
GNR Bachelor ABE 4 E Spanish 4.5 6 19 6
PB Bachelor B 4 E Spanish 4.5 16 26 6
PBVP Bachelor ABE 4 E Spanish 4.5 6 23 6
SHFBM Bachelor FEE 4 E Spanish 4.5 9 23 6
PGR Master PGB 5 C Spanish 5.0 9 & 8 19 & 17 4
SAPB Master PGB 5 C Spanish 5.0 14 18 6
BYAS Master PGB 6 C Spanish 5.0 11 & 15 13 & 17 5
505 900
1 GG: General Genetics; MM: Molecular Markers; FFBZ: Fundamentals of Forest Botany and Zoology; LSAB: Legal
and Sociological Aspects of Biotechnology; EB: Experimentation in Biotechnology; MESB: Metabolic Engineering
and Synthetic Biology; GNR: Geobotany and Natural Resources; PB: Plant Breeding; PBVP: Plant Breeding for
Vegetal Production; SHFBM: Species, Habitats, and Forest Biodiversity Management; PGR: Plant Genetic Resources;
SAPB: Statistical Advances in Plant Breeding; BYAS: Breeding for Yield in Agricultural Systems. 2 B: Bachelor’s
Degree in Biotechnology; FEE: Bachelor’s Degree in Forest and Environmental Engineering; ABE: Bachelor’s Degree
in Agricultural and Biological Engineering; PGB: Master’s Degree in Plant Genetics and Breeding. 3 C: Compulsory;
E: Elective. 4 Course 2018 and course 2019 respectively. 5 Course 2017 and course 2018 respectively. 6 Course 2019.
3.3. Data Analysis
Values of the different factors (DA, SA, DM, DS, SM, and SS) were calculated following the
indications of Biggs’ R-SPQ-2F questionnaire [7]. Student’s t-test was used to compare the difference of
deep and surface approaches and a Tukey’s HSD multiple range test was used to compare the mean
values between different factors. Internal consistency of R-SPQ-2F was assessed using Cronbach’s alpha.
Statistical analysis was performed using Microsoft© Excel and Statgraphics© Centurion XVI software.
4. Results
The average participation of the students in the study was high (56.1%, ranging from 26.1% to
86.7%) considering that the students had to be volunteers. Thus, the results seem to be representative,
as considering the level of participation the samples were not exclusively represented by overmotivated
students and the size of the sample was enough with a confidence level higher than 99% [87].
Nonetheless, in six of the nineteen samples evaluated the percentage of participation was considerably
lower than 50%, although above 20% (Table 3). No differences in percentage of participation were
observed according to the level of the studies or language of instruction, but differences were observed
depending on the gender, with a higher participation rate in female students; subject; or year of study.
All the mean DA values were significantly higher than SA values in all the subjects evaluated, with the
exception of three of them (Geobotany and Natural Resources, Plant Breeding for Vegetal Production
and Species, Habitats and Forest Biodiversity Management). These three cases belonged to the fourth
year of the corresponding bachelor’s degree and they were characterized by a very low ratio of
participation. DA values were also higher than SA when the samples were analyzed considering
language, gender, level, and year of studies (Table 3). Nevertheless, there were variations in the
differences between DA and SA values, which were also dependent on these factors.
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Table 3. Number of students who answered the questionnaire by subject, language as medium of
instruction, gender, level of the students, and year. Values (average and standard error) of the Revised
Two-Factor Study Process Questionnaire (R-SPQ-2F) questionnaire scales in the deep approach (DA),
surface approach (SA), difference between DA and SA, and null hypothesis DA-SA.
No. answers






GG 186 (0.78) 3.33 ± 0.05 b 2 1.90 ± 0.04 a 1.43 ± 0.18 e *** 3
MM 65 (0.57) 3.00 ± 0.08 ac 2.10 ± 0.07 abc 0.90 ± 0.12 bcd ***
FFBZ 21 (0.78) 3.05 ± 0.14 abc 2.56 ± 0.13 de 0.49 ± 0.22 abcd *
LSAB 41 (0.23) 2.94 ± 0.08 abc 2.14 ± 0.09 abcde 0.80 ± 0.00 abcd ***
EB 56 (0.54) 2.74 ± 0.09 a 2.28 ± 0.08 cde 0.46 ± 0.14 a *
MESB 42 (0.68) 2.79 ± 0.08 ac 2.32 ± 0.10 bcde 0.47 ± 0.13 abd *
GNR 6 (0.32) 2.60 ± 0.25 abc 2.90 ± 0.26 e −0.30 ± 0.49 ab NS
PB 16 (0.62) 2.81 ± 0.13 ac 2.17 ± 0.13 abcde 0.64 ± 0.19 abcde **
PBVP 6 (0.26) 2.98 ± 0.42 ac 2.28 ± 0.26 abcde 0.70 ± 0.44 abcd NS
SHFBM 9 (0.39) 2.76 ± 0.19 abc 2.53 ± 0.26 bcde 0.22 ± 0.42 abcd NS
PGR 17 (0.47) 3.13 ± 0.10 abc 2.04 ± 0.14 abcd 1.09 ± 0.16 abcde ***
SAPB 14 (0.78) 3.36 ± 0.14 bc 2.03 ± 0.12 abcd 1.33 ± 0.22 cde ***
BYAS 26 (0.87) 3.17 ± 0.11 abc 1.90 ± 0.10 ab 1.27 ± 0.18 ce ***
Language
Spanish 460 (0.56) 3.03 ± 0.03 a 2.11 ± 0.03 b 0.92 ± 0.05 a ***
English 47 (0.63) 3.35 ± 0.10 b 1.88 ± 0.08 a 1.47 ± 0.14 b ***
Gender
Female 325 (0.82) 3.04 ± 0.04 a 2.00 ± 0.03 a 1.04 ± 0.05 b ***
Male 182 (0.36) 3.10 ± 0.05 a 2.25 ± 0.04 b 0.85 ± 0.08 a ***
Level
Bachelor 448 (0.55) 3.04 ± 0.03 a 2.11 ± 0.03 a 0.949 ± 0.05 a ***
Master 57 (0.68) 3.21 ± 0.07 a 1.98 ± 0.07 a 1.23 ± 0.11 b ***
Year
1 186 (0.78) 3.33 ± 0.04 c 1.90 ± 0.03 a 1.43 ± 0.06 c ***
2 86 (0.61) 3.01 ± 0.07 b 2.21 ± 0.06 bc 0.80 ± 0.10 ab ***
4 176 (0.40) 2.80 ± 0.05 a 2.30 ± 0.05 c 0.50 ± 0.07 a ***
5 31 (0.57) 3.23 ± 0.08 bc 2.04 ± 0.09 abc 1.20 ± 0.13 bc ***
6 26 (0.87) 3.17 ± 0.11 bc 1.90 ± 0.10 ab 1.27 ± 0.18 bc ***
Total 505 (0.56) 3.08 ± 0.03 2.10 ± 0.03 1.11 ± 0.09 ***
1 GG: General Genetics; MM: Molecular Markers; FFBZ: Fundamentals of Forest Botany and Zoology; LSAB: Legal
and Sociological Aspects of Biotechnology; EB: Experimentation in Biotechnology; MESB: Metabolic Engineering
and Synthetic Biology; GNR: Geobotany and Natural Resources; PB: Plant Breeding; PBVP: Plant Breeding for
Vegetal Production; SHFBM: Species, Habitats, and Forest Biodiversity Management; PGR: Plant Genetic Resources;
SAPB: Statistical Advances in Plant Breeding; BYAS: Breeding for Yield in Agricultural Systems. 2 Different letters
in the same column indicate significant differences (p-value < 0.05) between groups according to Tukey’s HSD test.
3 ***: p < 0.0001, ** 0.001 < p < 0.0001, * 0.01 < p < 0.001, NS > 0.01.
Regarding the gender, there were no differences in the DA values, but SA values were lower in the
case of females, leading to higher differences between DA and SA in this gender. In the case of level
of instruction, DA and SA values showed no differences between Bachelor (BSc) and master levels.
Nevertheless, p-values in both cases were below 0.1 and the difference between DA and SA was higher
in master’s degrees (Figures 1 and 2).
The evolution of DA and SA values was further analyzed. Within the year of study, DA values
were higher than SA. This result was confirmed when the specific mean DA and SA values were
compared on a per student basis (Figure 1), and only a low proportion of SA mean values were
higher than DA. Specifically, it was the case of only 65 students out of 505 (62 of bachelor level and 3
of master level) indicating in these cases a clear higher surface approach to learning. Nevertheless,
different DA and SA values were found depending on the year of study (1st, 2nd, and 4th in BSc and
5th and 6th in master). Higher DA mean values were obtained in the first year of BSc and in both years
of master level. Accordingly, mean SA values for these years were lower than those obtained for 2nd
and 4th years of BSc (Table 3). The differences between mean DA and SA values also varied during
the years. The highest values were obtained in the first year of BSc studies, then they dropped in the
2nd and especially in the 4th year and started to raise again in the 5th year. This trend was determined
by the evolution of mean DA and SA values. DA was higher in the first year, dropped during the rest
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of years of BSc studies and raised again at the master years, while SA followed the opposite trend
(Figure 2). Also, differences were observed between compulsory or elective subjects (DA: 3.19 ± 0.03
vs. 2.76 ± 0.05 and SA: 2.01 ± 0.03 vs. 2.35 ± 0.06), but as all the elective subjects were in fourth year
when comparison was made between subjects of the same year, no differences between compulsory
and elective subjects were detected.
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In six subjects, the questionnaire was distributed in two different years and, with few exceptions,
no significant differences were observed. No significant differences were observed in most cases,
confirming the consistency of the results, as different students had answered in each year. Only in one
year, significantly higher values were observed for SA in General Genetics and Experimentation in
Biotechnology and for DA in Plant Genetic Resources (Table 4).
Table 4. Number of students who answered the questionnaire for subjects that were tested in different
years or with different language of instruction. Values (average and standard error) of the R-SPQ-2F
questionnaire scales in the deep approach (DA), surface approach (SA), difference between DA and SA.
No. Answers






GG 2018-19 84 (0.66) 3.29 ± 0.06 a 2 1.97 ± 0.05 a 1.32 ± 0.08 a *** 3
GG 2019-20 102 (0.89) 3.36 ± 0.06 a 1.85 ± 0.04 a 1.51 ± 0.08 a ***
LSAB 2018-19 24 (0.24) 2.88 ± 0.10 a 2.05 ± 0.09 a 0.83 ± 0.16 a ***
LSAB 2019-20 17 (0.21) 3.01 ± 0.15 a 2.26 ± 0.13 a 0.75 ± 0.23 a ***
MESB 2018-19 15 (0.47) 2.95 ± 0.16 a 2.44 ± 0.20 a 0.51 ± 0.27 a NS
MESB 2019-20 27 (0.90) 2.70 ± 0.10 a 2.26 ± 0.10 a 0.45 ± 0.14 a **
EB 2018-19 39 (0.74) 2.67 ± 0.10 a 2.19 ± 0.09 a 0.48 ± 0.16 a ***
EB 2019-20 17 (0.33) 2.81 ± 0.20 a 2.71 ± 0.16 b 0.10 ± 0.31 a NS
PGR 2018-19 9 (0.47) 2.94 ± 0.13 a 2.19 ± 0.20 a 0.76 ± 0.18 a ***
PGR 2019-20 8 (0.47) 3.34 ± 0.10 b 1.88 ± 0.18 a 1.46 ± 0.21 b ***
BYAS 2017-18 11 (0.85) 3.20 ± 0.20 a 1.77 ± 0.14 a 1.43 ± 0.28 a ***
BYAS 2018-19 15 (0.88) 3.15 ± 0.14 a 2.00 ± 0.13 a 1.15 ± 0.24 a ***
Group
GG Spanish 150 (0.80) 3.28 ± 0.04 a 1.92 ± 0.04 a 1.36 ± 0.06 a ***
GG English 36 (0.72) 3.54 ± 0.09 b 1.83 ± 0.07 a 1.71 ± 0.14 b ***
MM Spanish 54 (0.59) 3.02 ± 0.08 a 2.07 ± 0.08 a 0.95 ± 0.13 a ***
MM English 11 (0.46) 2.89 ± 0.19 a 2.21 ± 0.14 a 0.68 ± 0.30 a ***
1 GG: General Genetics, MM: Molecular Markers, LSAB: Legal and Sociological Aspects of Biotechnology, EB:
Experimentation in Biotechnology, MESB: Metabolic Engineering and Synthetic Biology, PGR: Plant Genetic
Resources, BYAS: Breeding for Yield in Agricultural Systems. 2 Different letters in the same column indicate significant
differences (p-value < 0.05) between groups according to Tukey’s HSD test. 3 ***: p < 0.0001, ** 0.001 < p < 0.0001,
* 0.01 < p < 0.001, NS > 0.01.
Results were also studied for the secondary factors of the R-SPQ-2F questionnaire [7] (Tables 5
and 6). In general, values of DM and DS were higher than values of SM and SS. Significant differences
were observed between subjects, language used as medium of instruction, or gender but not regarding
year, with the exception of SM values for years in the General Genetics and Metabolic Engineering and
Synthetic Biology subjects or DS in the Plant Genetic Resources subject (Table 6).
Regarding the subdivision of DA and SA in motivations and strategies, significant correlations were
detected between several factors of the R-SPQ-2F questionnaire (Table 7). High and positive correlations
were observed between DA and DM and DS, and also between SA and SM and SS. As expected,
significant negative correlations were detected between DA and SA and the corresponding strategies
and motivations. Nonetheless, the correlation values obtained were relatively low. The correlation
between motivations and strategies in both cases were lower than between each component and the
corresponding approach.
The internal consistency of the questionnaire was evaluated using the Cronbach’s alpha formula
(Table 8). The values obtained were close to or higher than 0.7 for the main factors (DA and SA),
considering the global sample and the different factors studied (gender, language, year, and level
of studies). Regarding secondary factors involving motivations and strategies, Cronbach’s alpha values
were similar or slightly lower in most cases, except for master’s studies, with low values influenced by
those obtained in the fifth year (Table 8).
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Table 5. Values (average and standard error) of the R-SPQ-2F questionnaire scales in the deep
motivation (DM), deep strategy (DS), surface motivation (SM), and surface strategy (SS).
DM DS SM SS
Subject 1
GG 3.41 ± 0.05 b 2 3.25 ± 0.05 b 1.54 ± 0.04 a 2.27 ± 0.05 a
MM 3.15 ± 0.08 abc 2.85 ± 0.09 a 1.69 ± 0.07 ab 2.51 ± 0.09 abc
FFBZ 3.10 ± 0.15 abc 3.01 ± 0.15 ab 2.26 ± 0.14 d 2.87 ± 0.15 c
LSAB 3.07 ± 0.12 abc 2.80 ± 0.10 a 1.76 ± 0.09 abc 2.52 ± 0.15 abc
EB 2.85 ± 0.10 a 2.64 ± 0.08 a 1.94 ± 0.09 bcd 2.63 ± 0.10 bc
MESB 2.81 ± 0.09 ac 2.78 ± 0.10 a 2.04 ± 0.10 bcd 2.60 ± 0.12 abc
GNR 2.77 ± 0.31 abc 2.43 ± 0.29 ab 2.47 ± 0.28 cd 3.33 ± 0.30 c
PB 2.96 ± 0.16 ac 2.65 ± 0.12 a 1.83 ± 0.16 abcd 2.51 ± 0.17 abc
PBVP 2.90 ± 0.46 abc 3.07 ± 0.38 ab 2.07 ± 0.27 abcd 2.50 ± 0.33 abc
PBVP 2.78 ± 0.22 abc 2.73 ± 0.22 ab 2.22 ± 0.27 bcd 2.84 ± 0.28 abc
PGR 3.28 ± 0.12 abc 2.98 ± 0.12 ab 1.71 ± 0.13 abcd 2.38 ± 0.16 abc
SAPB 3.46 ± 0.15 bc 3.26 ± 0.14 ab 1.71 ± 0.10 abcd 2.34 ± 0.16 abc
BYAS 3.25 ± 0.13 abc 3.10 ± 0.12 ab 1.59 ± 0.09 ab 2.22 ± 0.14 ab
Language
Spanish 3.14 ± 0.03 a 2.96 ± 0.03 a 1.77 ± 0.03 b 2.48 ± 0.03 b
English 3.47 ± 0.10 b 3.31 ± 0.10 b 1.58 ± 0.07 a 2.26 ± 0.09 a
Gender
Female 3.16 ± 0.04 a 2.96 ± 0.04 a 1.65 ± 0.03 a 2.39 ± 0.04 a
Male 3.18 ± 0.05 a 3.03 ± 0.05 a 1.93 ± 0.05 b 2.58 ± 0.05 b
Level
Bachelor 3.15 ± 0.03 a 2.97 ± 0.03 a 1.76 ± 0.03 a 2.48 ± 0.03 a
Master 3.31 ± 0.08 a 3.10 ± 0.07 a 1.66 ± 0.06 a 2.29 ± 0.09 a
Year
1 3.41 ± 0.04 c 3.25 ± 0.05 c 1.54 ± 0.03 a 2.27 ± 0.04 a
2 3.13 ± 0.07 b 2.89 ± 0.08 ab 1.83 ± 0.07 bc 2.60 ± 0.08 bc
4 2.88 ± 0.05 a 2.72 ± 0.05 a 1.97 ± 0.05 c 2.64 ± 0.05 c
5 3.36 ± 0.09 bc 3.10 ± 0.09 bc 1.71 ± 0.08 abc 2.36 ± 0.11 abc
6 3.25 ± 0.13 bc 3.10 ± 0.12 bc 1.59 ± 0.09 ab 2.22 ± 0.14 ab
Total 3.17 ± 0.03 2.99 ± 0.03 1.75 ± 0.03 2.46 ± 0.03
1 GG: General Genetics; MM: Molecular Markers; FFBZ: Fundamentals of Forest Botany and Zoology; LSAB: Legal
and Sociological Aspects of Biotechnology; EB: Experimentation in Biotechnology; MESB: Metabolic Engineering
and Synthetic Biology; GNR: Geobotany and Natural Resources; PB: Plant Breeding; PBVP: Plant Breeding for
Vegetal Production; SHFBM: Species, Habitats, and Forest Biodiversity Management; PGR: Plant Genetic Resources;
SAPB: Statistical Advances in Plant Breeding; BYAS: Breeding for Yield in Agricultural Systems. 2 Different letters
in the same column indicate significant differences (p-value < 0.05) between groups according to Tukey’s HSD test.
Table 6. Values (average and standard error) of the R-SPQ-2F questionnaire scales in the deep
motivation (DM), deep strategy (DS), surface motivation (SM), and surface strategy (SS) for subjects
tested in different years or with different language of instruction.
DM DS SM SS
Year 1
GG 2018-19 3.35 ± 0.06 a 2 3.24 ± 0.07 a 1.61 ± 0.04 b 2.33 ± 0.06 a
GG 2019-20 3.44 ± 0.06 a 3.24 ± 0.07 a 1.46 ± 0.04 a 2.20 ± 0.06 a
LSAB 2018-19 2.98 ± 0.11 a 2.78 ± 0.12 a 1.77 ± 0.10 a 2.34 ± 0.12 a
LSAB 2019-20 3.20 ± 0.14 a 2.82 ± 0.18 a 1.75 ± 0.16 a 2.76 ± 0.13 b
MESB 2018-19 2.72 ± 0.12 a 2.62 ± 0.10 a 1.87 ± 0.10 a 2.51 ± 0.11 a
MESB 2019-20 2.94 ± 0.20 a 2.68 ± 0.22 a 2.27 ± 0.19 b 3.15 ± 0.16 b
EB 2018-19 3.05 ± 0.18 a 2.85 ± 0.17 a 2.15 ± 0.19 a 2.73 ± 0.24 a
EB 2019-20 2.67 ± 0.10 a 2.73 ± 0.12 a 1.99 ± 0.11 a 2.53 ± 0.12 a
PGR 2018-19 3.13 ± 0.17 a 2.76 ± 0.17 a 1.87 ± 0.17 a 2.51 ± 0.24 a
PGR 2019-20 3.45 ± 0.15 a 3.23 ± 0.13 b 1.53 ± 0.19 a 2.23 ± 0.21 a
BYAS 2017-18 3.22 ± 0.22 a 3.18 ± 0.19 a 1.55 ± 0.14 a 2.00 ± 0.20 a
BYAS 2018-19 3.27 ± 0.16 a 3.04 ± 0.16 a 1.63 ± 0.11 a 2.37 ± 0.18 a
Group
GG Spanish 3.36 ± 0.05 a 3.19 ± 0.05 a 1.54 ± 0.03 a 2.30 ± 0.05 a
GG English 3.55 ± 0.13 a 3.42 ± 0.11 a 1.47 ± 0.08 a 2.09 ± 0.10 a
MM Spanish 3.17 ± 0.08 a 2.87 ± 0.10 a 1.66 ± 0.07 a 2.49 ± 0.10 a
MM English 3.02 ± 0.19 a 2.76 ± 0.21 a 1.82 ± 0.14 a 2.60 ± 0.19 a
1 GG: General Genetics, MM: Molecular Markers, LSAB: Legal and Sociological Aspects of Biotechnology, EB:
Experimentation in Biotechnology, IMBS: Metabolic Engineering and Synthetic Biology, PGR: Plant Genetic
Resources, BYAS: Breeding for Yield in Agricultural Systems. 2 Different letters in the same column indicate
significant differences (p-value < 0.05) between groups according to Tukey’s HSD test.
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Table 7. Correlations between different factors of the R-SPQ-2F questionnaire scales. Deep approach
(DA), surface approach (SA), deep motivation (DM), deep strategy (DS), surface motivation (SM), and
surface strategy (SS).
DA SA DM DS SM
SA −0.36 ***
DM 0.91 *** −0.34 ***
DS 0.92 *** −0.31 *** 0.68 ***
SM −0.30 *** 0.88 *** −0.31 *** −0.23 ***
SS −0.34 *** 0.92 *** −0.30 *** −0.32 *** 0.63 ***
***: p < 0.0001.
Table 8. Cronbach alpha coefficient values (95% lower confidence band) among the different R-SPQ-2F
questionnaire scales of the 505 questionnaires evaluated. Deep approach (DA), surface approach (SA),
deep motivation (DM), deep strategy (DS), surface motivation (SM), and surface strategy (SS).
DA SA DM DS SM SS
Language
Spanish 0.82 (0.80) 0.80 (0.79) 0.79 (0.76) 0.76 (0.69) 0.69 (0.65) 0.65 (0.71)
English 0.85 (0.83) 0.83 (0.78) 0.78 (0.76) 0.76 (0.74) 0.74 (0.71) 0.71 (0.74)
Gender
Female 0.84 (0.81) 0.79 (0.76) 0.72 (0.68) 0.71 (0.68) 0.63 (0.58) 0.67 (0.63)
Male 0.82 (0.80) 0.77 (0.74) 0.66 (0.62) 0.74 (0.71) 0.64 (0.60) 0.62 (0.57)
Level
Bachelor 0.84 (0.82) 0.79 (0.77) 0.71 (0.68) 0.74 (0.71) 0.66 (0.62) 0.66 (0.62)
Master 0.69 (0.66) 0.73 (0.70) 0.50 (0.43) 0.50 (0.44) 0.56 (0.51) 0.58 (0.53)
Year
1 0.77 (0.75) 0.70 (0.66) 0.61 (0.56) 0.68 (0.64) 0.51 (0.45) 0.53 (0.47)
2 0.86 (0.84) 0.80 (0.78) 0.72 (0.68) 0.76 (0.74) 0.65 (0.61) 0.00 (0.00)
4 0.83 (0.81) 0.80 (0.77) 0.72 (0.68) 0.72 (0.68) 0.66 (0.62) 0.69 (0.65)
5 0.58 (0.53) 0.75 (0.72) 0.26 (0.18) 0.35 (0.27) 0.55 (0.49) 0.55 (0.49)
6 0.79 (0.77) 0.72 (0.69) 0.69 (0.65) 0.63 (0.59) 0.59 (0.54) 0.62 (0.57)
Total 0.83 (0.81) 0.79 (0.76) 0.70 (0.66) 0.72 (0.69) 0.65 (0.61) 0.65 (0.61)
5. Discussion
The number of answers of the questionnaire was moderate to high (505 answers out of 900 total
number of students) and considered appropriated to carry out the statistical analysis according to
computer simulations [88]. The values obtained by the students for DA were higher than SA values
(Tables 3 and 4), which generally assumed that is a desirable study behavior [68]. DA values were
higher than in other studies [82] or similar [2,32,70,89], and their distributions were also similar [2].
This result can indicate an approach to learning more focused on understanding the subject than
getting a mark. But there were differences between subjects, like previously reported [2], with higher
values for General Genetics and lower values for Experimentation in Biotechnology, for example.
One of the possible explanations for this difference is the discipline, as it has been seen in other
cases [14,15]. In this case, the first subject is in first year of biotechnology degree with a very high
admission mark and the latter is an elective subject in the last year of this degree, indicating that
approach to learning is related with the subject and even with the age of the student. Although age of
the students was not assessed, students of the fourth year are, in general, older than students of the first
year of the degree. Age can be one of the factors that can influence difference in the student approach
to learning [2,43,65,68,90,91], with higher values of DA and lower values of SA for elder students.
These differences normally are not related to gender, subject, or level of study [68]. Only in some
studies were age and gender related [2,65], in which cases the range of age was very big (between 18
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and 70). The most common explanation about this approach related to age is that older student are
more likely studying out of intrinsic interest or for their personal development [68]. In our case no
statistical differences were recorded between bachelor or master level regarding to DA and SA scores
(Table 3), so age cannot be the only factor that explains the differences between subjects, and the type
of subject could explain these differences. Students of the fourth year of the degree may become more
strategic in their approach to learning, which could explain the lower DA scores and could be related to
workload [63,66,72,73], as these students in most cases are doing the final degree thesis at the same time
as the fourth year subjects. Study time has also been detected as one of the factors that can affect student
approach to learning [92]. The fact that biotechnology degree has a very high admission mark [93,94]
should also be taken into account, so students are very committed to their degree and can have an
intrinsic interest similar to the students in a master level degree. For example, in accounting students,
a decline in the deep approach has been reported when they enroll in higher years [19] and students
adapt their learning approach depending on the learning environment [12,15,43]. Similar results were
observed in China between first and third year students with a decline in the deep approach, indicating
an influence of the learning context, but also of the cultural context [63] or in distant education [95].
Also, differences were observed between different subjects of the same students, depending on the
subject [15]. The R-SPQ-2F questionnaire is a relational inventory and assesses specific responses
to particular situations [7], which can explain different responses of students in different subjects.
No differences were detected between bachelor and master level in our case. The high admission
mark of the biotechnology degree [94,96] may explain this result, so differences are more probable
due to subject and teaching environment rather than to age or level of the students. A hypothesis is
that many university learning environments are not conductive to the deep approach [43,97]. In our
case, higher values for DA were recorded in the first year of the degree and in master level, and lower
levels in fourth year of the degree, which is in accordance with that hypothesis in the bachelor level
(Figure 2). Differences between compulsory and elective subjects seemed more related to year than to
the type of subject, as comparisons in the same year gave no differences between subjects regarding
type of subject.
Regarding gender, the sample of students used in this study showed a majority of female
students (66.6%), which is in accordance with the gender proportion for health degrees in Spain [98].
No differences were recorded for gender in the student approach (except for SA) to learning, as reported
in other studies [68,99], although in some specific contexts some differences can arise, like in the case
of distance education [65,95] or other factors [2,20,63]. As a consequence, the relation of gender with
student approach to learning is not clear [68]. The gender differences might emerge in particular
academic or cultural contexts [100]. The DA student approach in our study was similar, functioning
independently of the gender of the student and no interactions were detected with level or language of
the subjects in this study.
Most of the students showed a higher DA than SA, with only a 12.9% of the students with a
higher SA value, and most of them in the bachelor level (62 out 65 students). Usually students of
master level are very motivated for their degree so their approach to learning DA is higher. Differences
have been detected related to the level of the students [92], but they were more related to the kind of
assessment used for different level students, as in other studies [101] where multiple choice questions
were used more in first years and essay assignment in later years. In our case, the kind of assessments
were different between subjects (mainly due to the number of students per subject that is higher in the
first years), but that different kind of assessment system seemed to not influence the student approach
to learning. However, more detailed studies should be done to get insight over this factor.
Language as a medium of instruction has been another factor that can influence the student
approach to learning. In our case, two of the subjects had groups of students with different languages
as a medium of instruction (Spanish and English). The contents, activities, and assessment system
were the same for both groups, but the number of students per classroom was much lower in the
English group. Most of the students were Spanish natives in both groups. The DA was statistically
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higher for the English group, but whether this difference is due to the language or to the size or
admission mark for this specific group remains unclear. Language competency has been one of the
factors than can influence the student learning approach [92,102]. Also, students that use another
language than English showed higher scores in the deep approach [2], which supports that language,
direct or indirectly, is one of the factors that affects students’ approaches to learning.
Correlations (Table 7) were high between main factors (DA and SA) and the secondary factors
(DM, DS, SM, and SS), while negative correlations appeared between deep and superficial scales.
Similar results were obtained in other studies [55,56,70], as was already predicted by Biggs et al. [7].
This result can indicate the presence of two dominant factors (deep and surface factors), however a
more detailed analysis of the factors underlined is needed.
Item reliability analysis showed values higher than 0.7 for DA and SA factors, but not for the
secondary factors, which confirms the reliability of the questionnaire for the two main scales [103,104].
Similar results were observed in other studies [2,23,55,56,82,83,105–107], indicating that the
questionnaire is valid for the main factors, but not for the secondary factors. Different associations
between questions and factors have been detected [7,26,55,56,78] and cultural differences have been
observed [18,70,77,80]. Confirmatory factor analyses have been carried out in different cultural
contexts [7,26,55,56,78,108] and the analyses confirm the validity of the questionnaire, although some
adjustments can be done depending on the cultural context. This kind of analysis remains as a future
task for this study and more data and more years are needed to assess the validity of the results.
Also, influence of the teaching in the learning approach of the student remains as a future field of study
by assessing the student approach to learning at the beginning and the end of the subject and related to
the academic performance. These data can give more information to the teachers that would help them
to develop strategies more focused on promoting a deeper approach to learning of the students adapted
to their subject, level, and year, as teaching and learning systems should be constructively aligned to
encourage a deep approach to learning [7]. Changes in the learning environment can promote a more
deep approach to learning [19], as it is related with a better academic performance and satisfaction of
the students.
6. Conclusions
Meaningful learning is considered a key point for successful teaching [78], and to assess the
approach adopted by the student can help in developing teaching strategies and designing activities that
promote a deep approach by the student in the subject or even in their degree. Although age, gender,
level, degree, or cultural differences exist in the students that enroll in a subject, common dynamics can
be developed to assess the learning approach of the student in a subject. Several instruments have been
developed to assess student approaches to learning [13,48,49,53,54], but one of the most used is the
R-SPQ-2F questionnaire developed by Biggs et al. [7]. This questionnaire has been used in this study
to assess the student approach to learning. Data confirmed the validity of the questionnaire in the life
science degrees analyzed and the higher deep approach of the students. Mean values were influenced
by the subject or gender, but not by the level or year of the students. Different strategies can be
developed to take advantage of this approach as learning environment influences and is related to the
quality of learning achieved by the student [52]. Conclusions of the study could be reinforced in future
research by including more subjects from the degrees under study and from related subjects and even
from another Spanish universities with life science degrees. Future studies can confirm the number of
factors and the associations of questions with the different scales of the R-SPQ-2F questionnaire and
study the influence of the teaching dynamics in the students’ approaches to learning in each subject.
Also, influence of teaching strategies over student approach to learning can be assessed to improve the
learning of the students.
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